WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APP LICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

— ^ WO 97/36209 

2 October 1997 (02.10.97) 



(51) International Patent Classification 6 



G03F 7/42, H01L 21/306, 21/311, 
21/3105 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



(21) International Application Number: PCT/EP97/01 190 

(22) International Filing Date: 10 March 1997 ( 10.03.97) 



EP 



(30) Priority Data: 

96104613.3 22 March 1996 (22.03.96) 

(34 ) Countries for which the regional or 

international application was filed: GB et al 



(71) Applicant (for all designated States except US): MERCK 
PATENT GMBH [DE/DE); Frankfurter Strasse 250, D- 
64293 Darmstadt (DE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): LIAW, Mmg-Chi [-/-]; 
No. 1001- 1, Ta Hsueh Road, Hsinchu City (TW). CHAO, 
Tien-Sheng [-/-]; (TW). LEI, Tan-FU I-/-]; No. 1001-1, 
Ta-Hsueh Road. Hsinchu City (TW). 

(74) Common Representative: MERCK PATENT GMBH; Frank- 
furter Strasse 250. D-64293 Darmstadt (DE). 



(81) Designated States: CA, CN, CZ, HU. JP. KR, RU. SG. US. 
European patent (AT. BE, CH. DE, DK, ES, FI, FR. GB, 
GR, IE, IT. LU, MC, NL, PT, SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: SOLUTIONS AND PROCESSES FOR REMOVAL OF SIDEWALL RESIDUE AFTER DRY 
ETCHING 

(57) Abstract 

The present invention relates to a novel process for removing sidewall residue after dry-etching process. Conventionally, after dry^ 
etching, photoresist and sidewall residues are removed by ozone ashing and hot sulfuric acid. Nomially they are hard to be removed 
completely It was found in the present invention that the addition of fluorine-containing compound, preferably hydrogen fluonde and 
ammonium fluoride, in sulfuric acid results in complete removal of photoresist and sidewall residue without the need for stnpper. The 
process is simple and does not affect the original procedures or the other films on the substrate. The present invention also relates to a novel 
solution for removing sidewall residue after dry-etching, which comprises sulfuric acid and a fluorine-contaimng compound, preferably 
hydrogen fluoride and ammonium fluoride, in the range of from 10:1 to 1000:1 by weight. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia ind Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


COte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 97/36209 



PCT/EP97/01190 



-1 - 

Solutions and Processes for Removal of 
Sidewall Residue after Dry Etching 

Background of the Invention 

5 Scope 

The present invention relates to a novel process for removing sidewall 
residue after dry etching. The present invention also relates to a novel 
solution for removing sidewall residue after dry etching. 

10 

Current State of the Art 



Processes of Integrated Circuit (IC) Manufacturing: 

First is deposited a layer of metal, such as Al, on a substrate surface, 
such as a wafer, then coating a layer of photoresist on it. This is followed 
by exposure, developing, etching, ion implantation and photoresist 
removing. Continuous cycles of film deposition, photoresist coating, 
exposure, developing, etching and removal of photoresist continue until 
the desired device is achieved. 



There are two kinds of photoresist: positive type and negative type. For 
positive type photoresist, the area of exposure can be dissolved in devel- 
oper solution. For negative type photoresist, the area of non-exposure can 
be dissolved in developer solution. The major composition of positive 
photoresist is resin, such as Novolac resin. The major composition of 
negative type photoresist is polyisoprene compound. Generally, baking 
the photoresist layer after exposure is necessary to make sure that cross- 
linking reaction is done. 

After creating basic IC pattern and more sophisticated IC pattern is to be 
processed on the substrate, the photoresist and sidewall residue must be 
removed very efficiently and completely. That is by the use of a 
photoresist stripper, as in US Patent No. 4,917.122 and 4,963,342 
described. 
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In the etching process of VLSI (Very Large Scale Integrated) or ULSI 
(Ultra Large Scale Integrated) manufacturing, sidewall passivation formed 
after dry etching can achieve the anisotropic phenomena of etching proc- 
ess, as in J.L. Vossen, et al, J. Vac Sci. Technol. AL 1453 (1983); 
J.H. Thomas, et al, Appl. Phys. Lett. 43, 859 (1983), D. Thomson, et al, 
Appl. Phys. Lett. 146, 1103 (1985), and J.M.E. Harper, et al, 
J. Electrochem. Soc. 128, 1077 (1981) described. While etching Poly-Si, 
according to the etching chemistry of CI2 or HBr, oxygen is added to en- 
hance anisotropic tendency and selectivity to oxide layer, as in 
I. Morimoto et al, Digest of papers, Microprocess 202 (1992) described. 
While etching Poly-Si layer using CI2 as etching gas, silicon reacting with 
chlorine becomes silicon chloride. If oxygen exists, silicon chloride will be 
oxidized to silicon oxide, as in K.V. Guinn et al, J. Vac. Sci. Technol. B 13, 
214 (1995) described. This silicon oxide is the so-called sidewall 
passivation, which can prevent isotropic etching. The sidewall passivation 
cannot be removed completely by conventional ozone ashing and hot 
sulfuric acid process. In the general process, wafers after treatment of 
ozone ashing and hot sulfuric acid still need to be immersed in diluted HF 
solution. The time of immersion cannot last too long to avoid attacking 
bottom oxide layer. Although the residue can be removed by special 
stripper, it is not convenient enough. Therefore the process of removing 
sidewall residue after dry etching should be improved. 

Summary of the Invention 

The present invention relates to a novel solution in which a certain 
amount of fluorine-containing compound, preferably hydrogen fluoride and 
ammonium fluoride, is added into sulfuric acid. This solution can 
completely remove sidewall residue which is formed after dry etching. 

The invention also relates to a novel process by which sidewall residue 
after dry etching can be completely removed by the above mentioned 
novel solution. 
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Brief Description of the Drawings 

Fig.. 1 shows the flow chart of the conventional and the novel process 
used in IC manufacturing process. Fig. 2 shows the magnified picture of a 
wafer treated with the conventional process and the magnification is 
13, 100 times. 

Fig. 3 shows the magnified picture of a wafer treated with the novel 
process and the magnification is 1 1,000 times. 

Detailed Description of the Invention 

The processes of IC manufacturing can be described as follows. First of 
all, cleaning wafer surface, then depositing S1O2 and Poly-Si films on it. 
After that, photoresist coating, exposure, developing, etching and pho- 
toresist stripping processes are done. Fig. 1 shows the flow chart of the 
process. 

Conventionally photoresist and sidewall residue are removed by ozone 
ashing and hot sulfuric acid, but they cannot be removed completely 
(Fig. 2). Following immersion into diluted HF solution or special strippers 
is required. 

The present invention is a process on which by addition of fluorine-con- 
taining compound into sulfuric acid, controlling the ratio of sulfuric acid to 
fluorine-containing compound, complete removal of sidewall residue with- 
out the need for diluted HF and special strippers can be achieved (Fig. 3). 
The process is simpler and can reduce process steps to only one. Fig. 1 
shows the flow chart of the process. 

The invention uses a novel solution to remove sidewall residue formed 
after dry etching, which comprises sulfuric acid and a fluorine-containing 
compound, in the range of from 10:1 to 1000:1 by weight, preferably in the 
range of from 100:1 to 700:1, most preferred in the range of from 300:1 to 
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500:1. The fluorine-containing compound is composed of fluorine ion and 
mono-charge cation, such as alkaline metal cation, ammonium cation and 
hydrogen ion, preferably hydrogen fluoride and ammonium fluoride. The 
novel solution is prepared by adding hydrofluoric acid or ammonium fluo- 
ride into sulfuric acid, and then mixing it with hydrogen peroxide at tem- 
perature 100-140 °C, preferably 120 °C. The above mentioned chemicals 
can be commercially available ones like H 2 S0 4 96 %, H 2 0 2 31 %, HF 
49 %, NH 4 F 40 %. 

While using the new process to remove sidewall residue after dry etching, 
both organic and inorganic, such as Si02, compounds can be removed. It 
can be implemented without increasing difficulty of the process. Just after 
dry etching and ozone ashing, put wafer into the pre-mixed solution of 
sulfuric acid and fluorine-containing compound, and maintaining operation 
pressure at 1 atm, temperature at 00-140 °C (preferably 120 °C) for 
10 min. The photoresist and sidewall passivation formed after dry etching 
can be removed completely and the novel solution does not affect the film 
of poly-Si, and only slightly etching the bottom oxide layer (less than 
1 A/min). After dry-etching process, the wafer is put into the reaction 
chamber in which the ozone ashing process is done. During this process, 
ozone decomposes into oxygen and oxygen atoms which react with large 
amounts of carbon atoms in the photoresist under high temperature condi- 
tion and then form C0 2 - By detecting the amount of C0 2 one can know 
whether ozone ashing reaction completes or not. 

The new process is simple, speedy, and does not need to use strippers or 
other solutions any more. Manufacturing cost for IC devices can be re- 
duced significantly. Both feasibility and practicability of this new process 
are high. The process is suitable for several kinds of photoresists includ- 
ing g-line, i-line, Deep UV, E-beam and X-ray resists. 

The following examples are further explanations of the invention. 
However, the scope of this invention is not limited to these examples. All 
possible substitutes and adjustments done by people who are familiar with 
this technique are belonging to the application and range of this invention. 
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Example 1 



The photoresist used in the process is FH-6400L g-line photoresist (Fuji- 
Hunt). Exposure is done by PAS 2500/10 g-line stepper (ASM). Developer 
used in the process is FHD-5 developer containing TMAH 2.38 % (Fuji- 
Hunt). Developing time is 60 sec. The ECR (Electron Cyclotron Reso- 
nance) etching machine is used for etching 3000A of Poly-Si. The plasma 
is produced by using CI2 (95 seem), O2 (5 seem) and 250 W microwave. 
DC Bias is provided by 35 W of RF. Pressure in the chamber is 3 mTorr 
while temperature is -20 °C. Etching time is 70 sec. The etching rate for 
Poly-Si is 2612 A/min for Poly-Si, 26 A/min for Si02, 766 A/min for pho- 
toresist. As for selectivity, the ratio of Poly-Si to Si02 (2612/26) is 100 
while Poly-Si to photoresist (2612/766) is 3.4. 
(seem - standard cubic centimeter per minute) 

Comparative Example 



After dry etching, conventional process is used to remove photoresist. At 
first, the photoresist is removed by ozone ashing which is done inside the 
chamber, one wafer per time at temperature of 200-300 °C. At this tem- 
perature, decomposed oxygen from ozone reacts with the carbon of pho- 
toresist and forms CO2. Then the wafer is immersed into mixed solution of 
sulfuric acid and hydrogen peroxide at 120 °C for 10 min. After this treat- 
ment, the wafer is inspected by SEM (Fig. 2). At this stage, only photore- 
sist can be removed while sidewall passivation after dry etching cannot be 
removed completely. Diluted HF or special stripper is needed for further 
treatment. 



Example 2 

After dry etching, present novel process is used to remove photoresist. At 
first, photoresist is removed by ozone ashing which is done in the same 
way as the comparative example. Then the wafer is immersed into mixed 
solution of sulfuric acid, hydrofluoric acid and hydrogen peroxide at 
120 °C 
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for 10 min. The ratio of sulfuric acid + hydrofluoric acid to hydrogen per- 
oxide is 3:1 by volume. After this treatment, the wafer is inspected by SEM 
(Fig. 3). It is obvious that photoresist and sidewall passivation after dry 
etching are removed completely by this single step without affecting Poly- 
Si and bottom Si02 layer. 

Example 3 

After dry etching, present novel process is used to remove photoresist. At 
first, photoresist is removed by ozone ashing which is done in the same 
way as the comparative example. Then the wafer is immersed into mixed 
solution of sulfuric acid, ammonium fluoride and hydrogen peroxide at 
120 °C for 10 min. The ratio of sulfuric acid + ammonium fluoride to hydro- 
gen peroxide is 3:1 by volume. After this treatment, the wafer is inspected 
by SEM. It is obvious that photoresist and sidewall passivation after dry 
etching are removed completely by this single step without affecting Poly- 
Si and the bottom SiC>2 layer. 
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Claims 

1 . A solution for removing sidewall residue after dry etching, which 
comprises sulfuric acid and a fluorine-containing compound, in the 
range of from 10:1 to 1000:1 by weight. 

2. The solution according to claim 1 , the range being from 1 00:1 to 
700:1 by weight. 

3. The solution according to claim 1 , the range being from 300:1 to 
500:1 by weight. 

4. The solution according to claim 1 , the solution containing a fluoride 
compound, which is composed of fluorine ion and mono-charge 
cation, the types of this mono-charge cation include alkaline metal 
cation, ammonium cation and hydrogen ion. 

5. The solution according to claim 1 , the fluorine-containing compound 
being hydrogen fluoride. 

6. The solution according to claim 1 , the fluorine-containing compound 
being ammonium fluoride. 

7. A process for removing sidewall residue after dry etching in which 
wafer after dry etching is treated with a solution which comprises 
sulfuric acid and a fluorine-containing compound, in the range of 
from 10:1 to 1000:1 by weight. 

8. The process according to claim 7, the solution being in the range of 
from 100:1 to 700:1 by weight. 
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9. The process according to claim 7, the solution being in the range of 
from 300:1 to 500:1 by weight. 

1 0. The process according to claim 7, the fluorine-containing compound 
is composed of fluorine ion and mono-charge cation, the types of 
cation include alkaline metal cation, ammonium cation and hydrogen 
ton. 

1 1 . The process according to claim 7, the fluorine-containing compound 
being hydrogen fluoride. 

12. The process according to claim 7, the fluorine-containing compound 
being ammonium fluoride. 
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